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NON- CRYSTALLI NE SURFACE TECHNI lm“ms invention relates to systens
and met hogy §9129feor m ng a single w “ l en conduct or fpduan 29382
non-crystalline (e.g., an anorphous),surface. Many different nmethods have

been devel oped for formng single crystal epitaxial sem conductor filns.
Epitaxy is the regularly oriented growh of a crystalline substance on a

o oper t1 cFORMING ASTREIECRESTAL SEMASINDHCIHE FILMBN A .
anor phous films. Honoepi INON+CERYSTALBMNESURFAECE |ine filmon a
crystalline surface of the sane substance. Heteroepitaxy is the growmh of a

«crystalline filmon a crystalli g.di fferent substance.

Chem cal vapor deposition (CVD) q&@ﬂ&é&‘ﬁﬁgbto a | esser extent, physical
vapor deposi tQ i SR s 3h8 methBaSehrt f ifi single
scrystal sem c’lcw)l‘gi &ﬁ%ﬁ@g%tg on a %:rf/gt alrfliéne su rsftequgtlgg,\é‘?l{]ngqjegﬁgﬁaty of the
si nglse cseystandwpor fibh an & homerddpéind{e igpan amorphvas) efrfded.f er ent factors,

i ncluding good lattice match between the filmand the substrate,

grow h tenperature, and proper reactant concentrations. For rran;lrlmmmmmmm||||”I|”I||
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applications, polycrystalline or BAUKROGROGUND! N8 are acceptable or 2%91?9\4‘9”
nore desirable than epitaxial filns. For exanple, nmany protective filPne are

pol ycryst al | i Meny idifierentvmethodsehavsebesiiadevelapedded famihg ginglectiseds, hi gh

i on.resistar d hiah 0xi dat.i i LA fil
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dielectric functions. Current device 25 performance requireénents, however,
r equilr e SUpgriorpEepastieselatire tonethge kinds afdilmsesuclr aspolyarystalineandi r cui t be

formed in_a single crystal sem conductor.region.. ThiS.iequirenment,.typically
| mits inOreong Sy o ReemiRya TRE e Qe Gt S malh Al § BORTIUAY D, 2

subst r atsirfaeb fol¢ife sAHABIBMEANA. ! H@E@réelﬂ@é@ iDeROFRA® 310 exyisRiliiné Alth @angluct or
device 30 fabrication techniques to three-di nensional structures by grow ng

si ngl e arystalinefsurfase of walifferenp substrpamg. UShamicd gapondepositimr FREDs fil ns
used as jinsul atorsd('g)n wo- di_nensi gnal 1i nt e?rat ed.circuits. For exxgnpl e,

U S. PatREREETRES 062 Hseer it BBYESIGal PRr [AsROSIHOR PO SRS SPBURQUY 4rf;

whi oy sagdtne droRaadeposillsthelé ¥aistd] seidiesrfuctoayéralon 4 erysfiind Sulskifite.
single crystal_silicon |ayers over an anorphous silicon dioxide gate |ayer.
The | ocalhez@daldy o dhe simglencrypiat epdaxial/ Blimedepengniupgnan wimswof dlf?ﬂiiémsi licon

epi t axi ArCSF e e Rl A PR T LR A AR B Faren B Local i zea
over gr ovrbweh térhﬁﬁﬂa@ul‘é[ YA propdrl reaAnOEGeBtwtiBNs.t he sel ective epitaxi al
grow h reaches the top surface of the silicon dioxide wi ndow U S. Patent

No. 6, 103, 01Fatgnany Bplicatioashpelyerystaling agamozphmyisdilms are acceptable or
20 even more desirable than epitaxial films. For example, many protective films are

polycrystalline films, which may be characterized by high hardness, high corrosion
resistance, and high oxidation resistance. Amorphous films (e.g., oxides, nitrides
and glasses, such as silicon dioxide) also serve a number of useful functions,
including electronic passivation, insulation and dielectric functions. Current device
25  performance requirements, however, require that most or all of the active devices of
an integrated circuit be formed in a single crystal semiconductor region. This
requirement typically limits the integrated circuit devices to two-dimensional
structures on a substrate surface.
Numerous attempts have been made to extend semiconductor device

30 fabrication techniques to three-dimensional structures by growing single crystal films



crystal filmfroma seed |ayer inplanted in a non-crystalline surface by
hi gh- dose i nplanting of a nucleating species through a single crystal mask

havi ng apRoaBnRk@be channeling directions spaced at desiregpd@idissss:
constants. In zone nelting recrystaliization processes, a single crystal

sem conductor | ayer may be formed on an anorphous | ayer by depositing a

pol ycrystal | i ne or anorphous sem conductor |ayer, ~5 nelting the deposited
| ayer wit | aser. O er i - s er to
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gr adi entexaf®iplé, U.8t Patent NWI46687,758 aéscridesiangcairdassegronak @roess, jir oposed.
SUMVARY The i nvention features a novel single crystal sem conductor film
f or mat i owhigh sgedingdrom awingle ciyitahgilicen subgieateiis usrdiwsgrosusipgleocrystal
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i nvest i gvet@dlh pFocestBhOWedbichiigha Randow inghe sifcpatdbxidenagonibveies film .
on a non-crystalline surface. In accordance with this inventive z5 nethod,

a t enpl dhe singleerysiad silisonszubsjaten and EEewingAp spitaxiahsiirenfilmipwady i s

son condtringné FbsiFe YR RahaRe, TigenBisLofdrvia S8E it Slicon.e
or der ed REfiBYwREN 'E'H@bﬁ@&ﬂiﬁ‘eﬁ%a{x@ﬁ-gr&ﬁrtlﬁ@&bﬂ@@ftﬁé Fop §itadetufane silfconm ng a

single crystal sem conductor filmfroman ordered array of nucleation

sites" rdipxide windaw. yUtS Patent iNaarts 163,009 desaires mgmethadiderminga singhin t he
| eat i i to the sinal L fi i NG - .
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nor e of iﬂp?ax{tﬁigf ) ﬂqd_feqahgllrspéciesmﬂogrﬁmlsaﬁgae!cay@m ek RaviRy \appeomidtees an
e

ordered array of organic nol ecul es. _organi ¢ nol ecul es may I ncorporate
an i nor ghanoelingdirectianst spaced at fAesisdolattigecepnstardy. &t zone MEMRHN sites. The

son Sondred STl Hgteig €SBl crial BofioRRRN Tk Mk PE 1gie 6n G St &
Langnui ranipHeas layer b ddpdshitg £pdigeiyedlline bhanidiphb@d SerhizpaduCOPijeses a

cl ose-packed matri'’x o HEOl ynmerized organi c nononers each incorporating one
or ridr e meelting dhe depesitedalager withst lageror piher snerpynsaader) wadallowingthe 10 an

ool ay P EE et Bystalfee, SRRAIHE O Pl S B 2SR PPBEr iRy e
| ayer mpyadientr SGIe 8RSt diNglexpRsal fbhﬁiriggﬁfc@ﬁbe@r}fa&)é bebn mpuepssti on sites. The
tenpl ate | ayer may be processed, e.g., by heating, to renbve one or nore

vol atil e conponents of the tenplate layer. t5 The tenplate | ayer may
deposited by a Langnuir-Bl odgett d&ypIMARY Process,

The invention features a novel single crystal semiconductor film formation
20 method in which a template layer is deposited onto a non-crystalline surface to serve
as a seed layer for the subsequent epitaxial growth of a single crystal semiconductor
film.
In one aspect, the invention features a method of forming a single crystal
semiconductor film on a non-crystalline surface. In accordance with this inventive
25  method, a template layer incorporating an ordered array of nucleation sites is
deposited on the non-crystalline surface, and the single crystal semiconductor film is
formed on the non-crystalline surface from the ordered array of nucleation sites.
As used herein, the phrase “forming a single crystal semiconductor film from
an ordered array of nucleation sites” refers broadly to the transfer of ordering

30 information from the nucleation sites to the single crystal film being deposited.



or by an evaporation-based deposition process. The single crystal

sem conductor filmmay be forned by a vapor phase deposition process, a
sol i d- st atva @r¢sival | i zati on process, or a zone nelting regsst@hbhikati on
process. Zo A non-crystalline |layer may be formed over the single crystal
sem conductor film and a second tenplate |ayer incorporating an ordered
array of nucleation sites may be deposited on the non-crystalline layer. A
second sing! byt SRARILARAS nidy FLRRE dife SiOBRLOf HRMLHbRiG der ed
array of nucleation sites of e second tenplate layer. z5 In anot her
aspect, fedtarasnvent i on features an integrated circuit, conprising a single
crystal sem nduct l.ayer f%rrglgld from an ordg array, of nucl eation

sites define Frlé Tgpre i OTRIISER 3P SEAEH pégé%ydg%
non-crysfkbules }I?ﬁé%fr ahtRRSleEMes AHARLaGRTate arl P éﬁ'}{@@bé&’& d’éfﬁuﬁ ?he

foll ow ng. The mvent?on provides a'nmethod of formng sinhgle cryst
+sem sondudered aBrayf éfl necledticangitase SKtrecighorgandn spetdiesnma Campr{mﬁ rqmlecnlsmbmler :
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provi des a Ive process or devel opi ng hi density and
per f or menmprtshs aalokierparked naatrlxmfe{,g]lmedzeﬂ organicsmonenedsieadon, the

invention enables | arge area,si n r sem conduct or, fi t o be grown
oo R e BRI in® A5 Bl S S e B0

hi ghgef fah‘%p?ﬁ?dl%ﬁic%h gl s or conponents of displays. Qther features and
advant ages ahe Invention will becone apparent fromthe follow ng

descri ption, Thedlenthatg layer ndapinalgde am:i ot here Immﬁay@ﬁﬂ@ﬁbﬁﬂad@n e DRAW NGS
FIG 1 saflo d'a am a, met f ngl e crystal

e condoBCaYSHAIg SRen HpedSPORAR reteplafy FREErT ks BioReriet 3o drag ammat i
Cross-segd Fﬁlﬁéd ?B@? df'rﬁi@lé%ftloﬁ stll%gp’l?{egf ag méf‘el?gﬁ%}? gg g?&e@sed e. bY de

non-crysta ace. I's a secti onal’

vi ew of heheng etmpieatoerelcageemr mbréLBollétlta cavpaidamgs obthentpmpletedagad t o expose an
ordered arra of nu tion sites on .the on crydélallln sur.face of FIG

oA TE G 20 [hedemp Fm{trpev dPBested it 2 bARFILIT: dgposition REXTASFrg

vapor phasg aqu\;dp%'faﬁ:&pgggbﬂ @@@jtl&{ﬁfo%ggsed bondi ng sites defined by the

ordered arfay of ‘nucleation sites fornmed on the non-crystalline surface of
FIG 2A zo mhesnmhe nsysaaloaeagcmdmmmfﬂmuwls@mrnmdaby givdpovplaseof a

o2 i Bk S 7 e SR Shrob b Tof S 20 b
Cross- se&tryggp}jzaﬁbg%rg&&y of a plurality of

20 A non-crystalline layer may be formed over the single crystal semiconductor
film, and a second template layer incorporating an ordered array of nucleation sites
may be deposited on the non-crystalline layer. A second single crystal
semiconductor film may be formed from the ordered array of nucleation sites of the
second template layer.

25 In another aspect, the invention features an integrated circuit, comprising a
single crystal semiconductor layer formed from an ordered array of nucleation sites
defined by an array of organic molecules disposed over a non-crystalline layer.

Among the advantages of the invention are the following.
The invention provides a method of forming single crystal semiconductor

30 films of any desired orientation on an amorphous layer. This feature enables high

quality, vertically integrated semiconductor devices (e.g., complementary metal-



nonol ayers of a single crystal sem conductor filmforned on the
non-crystalline surface of FIG 2A 25 FIG 3 is a diagrammatic

cross- seawoonatvisi de view of a single crystal sem conduct @ctfusenedisz ned on

a non-crystalline passivation |ayer of an integrated circuit. 4 W)
(12/22')19 DETAI LED DESCRI PTI ON PCT/ U S111 /29382 In the foll ow ng
description, like reference nunbers are used to identify |ike el enents.

Furt her gRI® sehhifo A @b P aSMASF deti@8FRAbé Patirl dattst I Pl iR @ionf thafefses of

exenpl ary enbodi nents in a diagrammatic nmanner. The draw ngs are. not

i nt ende@rovides aepiternativerprotesatiar devdlopinguich debsitli avd higloperfermanaee

di mensi gns of. the. depicted, el enents), and,.are not drawn to.scale. Referring
o Fi oo ipe Slimensionl e diaice; Grityeia Seufi e AR nrhlR satle ee Forned on
a non- Ckipla@biykie seimidARicat flfls toWse grdwiebRladt @ phayeElatd sibaedteofadti ng an
ordered array of nucleation sites 12 i's deposited on a non-crystalline

sur f acemay heuegd to Woduce, for eghmple.ighlefisdienaysndarceedls doridomp@anss obr med on »
non-cry tallline surface 14 fromthe ordered array of nucleation sites 12
{step 24°P'3¥}- sone enbodinents, the tenplate |ayer 10 may be processed to

expose the O'Cﬁﬁéleféaﬁfréélﬁn@fad%!ﬁﬂa?@ﬁ bPtheSinveftidr AR HRESmedppairéxt! feorariyst al
sem conductor film18 is fornmed (step 28). Referring to FlI 2A, tenplate

| ayer 16ollmwingeledenipison dacludingthecdrastings ané thescleims.ace 14 in a nunber of
different ways. In one tenplate | ayer deposition enbodi ment, tenplate |ayer
10 is a Langnuir-Blodgett filmfornmed froman ordered array (or matrix) of
organi ¢ nol ecul es. Tenpl at DESCRIPTIONOF BRAWINGSby | ayering a suitable
matri x-formng material onto a formation support. The formation support nay

be &0 standar E?C?-ol Isah R dlagrase géarmethwdd forRing s pinglesrvat semicoddugiaron
and onegk cﬂp{l ﬁoﬂpc‘f?ghﬁin%as;uﬂaﬁé.s' The matrix-formng material may be
0

| ayered onto e surtace € aqueous sol ution and conpressed by the one
or nore novabi®@ bhaig i disgramniaioerass-seionabsidedicwpdhayaiplak 1aye

matri x-form ng material. In some_enbodi ments, the matrix-form ng materi al
may be BeP iofbd nop-grystalling susfacee. g., ultraviol et 25 irradiation, gamma
irradiation, rsy.J readiation. ) te

| ayer 10 is gie%ozg?%ge% do r%lh"lnortll- céﬁ}gg"t g%(ﬁahléelp‘gﬂ?? g({?é%)ig‘? ft@(')rﬁ%lta Beefgggﬁégus

sol u$ i OFIG.rEA dftei beinganooessed Bb egpedd art badighd atray 90 MeckRiabiodi sifes s, tha
substrate carrying the non-crystalline surface 14 is imrersed vertically

i nto t hBORIEYERING slugkace of FHziZe t he Langnuir- Bl odgett trough. As the

bstrate i pt ; s L LT = : ; | f
The mtri x. 1 ERh g e e dGe SRaal st VP! ahifRind (IIZ 2V Tl Lo

f or m t ephhst spdcigatontiensinpat pedfeired bonding sites defined by the ordered array of

nucleation sites formed on the non-crystalline surface of FIG. 2A.
20 FIG. 2D is a diagrammatic cross-sectional side view of a monolayer of a single
crystal semiconductor film formed on the non-crystalline surface of FIG. 2A.

FIG. 2E is a diagrammatic cross-sectional side view of a plurality of
monolayers of a single crystal semiconductor film formed on the non-crystalline
surface of FIG. 2A.

25 FIG. 3 is a diagrammatic cross-sectional side view of a single crystal
semiconductor film formed on a non-crystalline passivation layer of an integrated

circuit,



WO 02/2211'1 PCT/US01/ 21382 form ng material may be renoved from ot her
portions of the substrate (e.g., the backside of the substrate) by applying
a suitabl sveodent. | n other enbodi ments, the substrate maycBesdimRHsed
horizontally into the Langnuir-Bl odgett trough with noncrystalline surface
14 exposed for contact with the matrix-form ng material supported 5 on the
aqueous solution contained in the Langnuir-Bl odgett trough. In another

tenpl ate layer deposition enmggirABED PESERPFION®BL ri X-form ng materi al

may be deposited directly onto non-crystalline surface 14. For exanple, the
mat ri x- f or m rig thtfelldwingdgschiptionajie edfecknae duntrede aredsedntoddentify like

non-crystalline surface 14, stalljn urface 14 ma e, heated so
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sel f - assgupl 19&&1 th €k di rﬁnﬁn&?ﬁoﬁﬁnﬁéﬁk?ﬂe@i\@r%X%e abt ﬁfté‘ﬁd&ﬂ

mat ri x- formn ecu es on non-ctrystalline surface 14 shown 1n FIG
2B, isn sxorthepmrtwdmtmatme dfeagph d teen hadimentisComeelathe gimensizas dftbe depinsed an
ucleatlon sites 12 across non-crystalline 15 surface |4.

order ed rrag of

For exaneg?@e tSe éf"enpé%arwﬁéo fe8/ebe heated to drive off one or nore
olatile conpgy f of
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crystalllza uid itaxy and zqne nelfin ) )
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ordered arr a;ReﬁérrmgcﬂoeHG dlm tempkatd Payen 10anay by siepbditadeors uohacestddineThe
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seni conductor fi'm 18 and the acceptable density of msfit d| sl ocations in
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t hi ckness; On the other hand, if there is some m smatch between the bonding

site spaeluigndngideribe langmaur-Bldgetidrough. 1 Ag thy sighserage isswithdesrh &oMiuct or
fil %181%' Cﬁér&&gfs\rglflt‘agéeﬂftrJdéhmajrﬁoHBXYt!ﬂeo# thich &Pl Bikdrfin o of elastic

strain
deposited onto non-crystalline surface 14 to form template layer 10. The matrix-



zo fromthe altered |attice constant of the initial layers of film 18 that
accommodate the bonding site spacing m smatch. In general, the greater the
m smat chiwéhgadoié nner film 1S nmay be nade before the el astrensbi/aisg i s
relieved by msfit dislocation formati on. EXAMPLE 1 z5 Tenpl ate | ayer 10
may serve as a seed |layer for a single crystal elenmental sem conductor
film For exanple, tenplate |l ayer 10 may serve as a seed |layer for a single
crystal (i i i | Sagfhﬂ' Al i PN The
single c@%}g gi«%r#é?ﬁ?%??%x?&g&é%?oﬁé&%& rcl)hg&{non- Cr%ysgltbgﬁ?%e?l‘tg'§0§ eace
(e.qg., dauchsidepiohs sabstraitonbdiappiydrg hayiableaolvmr photiserséthbedimenid, thele

| ayer or an anor phous gl ass _so substrate). Tenplate | ayer 10 may .include a
Langnui rsUBsBasenay Pl FmERRS dorizoR et thengautiesledat augh PfaReione
or nore WheR . ]fzzlé | > :
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si | i gon caf tiesadueaiis velutivescdiheainedtihithe LangratiaBlodgetatioughl e crystal silicon

film A variety of different nol ecul es may, be used to formthe .

Langnui r - Bl odgetnothen template) lavendenasiipacenbdmentga sniiablednagixgiprming

ei cosanqj G Lear I i : i.0LG 45 i {pe and
e cyanasrdl By BT AneHEA A By H) bPndElRaReREL 4> E SpnfEThED
accor dametria-folmiidyg snatedainhey beesviabatated ay® coddenseyl cenablon-aysaliglee cryst al
silicon fi]m18 to be forped on a top surface 14 of a non crystalline

anor phogariace 1o Nep-swistalling surtase 16 mavheheaed sgthainthermaliatos®ing r cui t

34. .Sin : .Sl | 0 : i,r assivation
Iayé? 3gh%gﬁé¥ on19§89§?%§§b£§?§%§}%%?%ﬁ@ngkf%@éﬁﬁ@??ﬁgﬁ)ﬁgééfﬁ . For
exanpl e pagked ntormlygdralf ovtléiedomnafrizd-foriBngrmolecencn aohycrosallinersuafzea needed
to fabricate one or nore sem conductor devices. In sonme enbodi nents, single
crystal1§ilicon film18 nmay be used as a substrate for a second integrated
circuit. In the i : i { er may be
Formd above ATarsfhor a6y ok in SoiF ERBRRIE ST B A Sty B, 1OV

crystal pgbtesseditd ekposeegn belered ardy @i nubkatien itds AP Uson-cr§stadinieng
| ayer. I\/UIftipIe integrated circuit |ayers may be formed by _grow ng
addilsi otriage Ady &o8 example.iemplatsdaidd) mapSedieatrd eneiphoifoneryunars ng

| o ogr avairle FRORoSR TR Tn R i A ol e PR 08 e

a seed llayer] X @mainingoom aundreeailinersdviate (4 fdefine thoobrdsradpray dfenpl at e
| ayer 10 r’r?y serve as a seed Ia)éer for a_single crystal gallium arsenide

film gr SWsS3HoB sien-1er yigtathey pbediments, the sifigle grysiaioiephEoRAUGPT WERAT di oxi de

| ayer, I b L i thd I I ate)

Y o i BRTRI0UP af ity R Bl e B B o B RS R B Blo Aot o ©)

or gani ¢ nol eSihgs crystal semtioopduetbe layat [ 8 wmyabe fansehfronmathenerdared drhat , when
olynerized). farm a cl.Qse-packed f.il mw.th appropriate respecti ve spacin

Dot oo O FECISa P SHtES L O Lar e P Bah L &7 BITES BFACSHash CREIRBEJZP0F Ao

arsenic i i igN 1: j Il al b ety of
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i ncl udi higrund ghasrenystatlization (el@uliguidaghadp epitaxpandaonesnelting

recrystallization) and solid-state crystallization techniques.

25 Referring to FIGS. 2C and 2D, in a vapor phase crystallization process, a
suitable vaporized semiconductor species 30 is introduced into the space above the
ordered array of nucleation sites 12 on non-crystalline surface 14, The ordered array
of nucleation sites 12 defines an array of low-energy (or otherwise preferred)
bonding sites for the constituent components of single crystal semiconductor layer 18

30 and, therefore, serves as a suitable seed layer for the growth of a single crystal

semiconductor film. The substrate supporting the non-crystalline surface 14 may be
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EXAMPLE 1
25 Template layer 10 may serve as a seed layer for a single crystal elemental
semiconductor film. For example, template layer 10 may serve as a seed layer for a
single crystal silicon film having a (111) crystallographic orientation. The single
crystal silicon film may be grown on a non-crystalline surface (e.g., an amorphous
silicon dioxide layer, an amorphous silicon nitride layer or an amorphous glass
30 substrate). Template layer 10 may include a Langmuir-Blodgett film formed from

organic molecules that incorporate one or more silicon atoms and that, when
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Template layer 10 may serve as a seed layer for a compound semiconductor

film. For example, template layer 10 may serve as a seed layer for a single crystal

gallium arsenide film grown on a non-crystalline surface (e.g., an amorphous silicon

dioxide layer, an amorphous silicon nitride layer or an amorphous glass substrate).

25 Template layer 10 may include a Langmuir-Blodgett film formed from organic

molecules that incorporate gallium and arsenic atoms and that, when polymerized,

form a close-packed film with appropriate respective spacing between the gallium

atoms and the arsenic atoms that match the gallium and arsenic spacing in a single

crystal gallium arsenide film. A variety of different molecules may be used to form

30  the Langmuir-Blodgett film, including n-dodecanoic acid (lauric acid), eicosanoic
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nucleation sites defined by the incorporated atoms. In addition, the atoms
incorporated into the template layer should not interfere with the growth of the
single crystal semiconductor film (e.g., they should not promote decomposition of
the incoming film-forming species, unless desired), nor should they adversely affect
15  the physical or electronic properties of the subsequently formed single crystal
semiconductor film.

Other embodiments are within the scope of the claims.
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5 forming the single crystal semiconductor film on the non-crystalline surface

6 from the ordered array of nucleation sites.

1 2. The method of claim 1, wherein the template layer comprises an

2 ordered array of organic molecules.

1 3. The method of claim 2, wherein the organic molecules incorporate an

2 inorganic species defining the ordered array of nucleation sites.

1 4, The method of claim 3, wherein the inorganic species comprises one or

2 more components of the single crystal semiconductor film.

1 5. The method of claim 1, wherein the template layer is a Langmuir-

2 Blodgett film.

1 6. The method of claim 1, wherein the template layer comprises a close-
2 packed matrix of polymerized organic monomers each incorporating one or more

3 silicon atoms, and the single crystal semiconductor film is an epitaxial silicon film.

1 7. The method of claim 1, wherein the template layer comprises one or

2 more monolayers.

1 8. The method of claim 1, further comprising processing the deposited

2 template layer to expose the ordered array of nucleation sites.

1 9. The method of claim 8, wherein the template layer is processed by

2 removing one or more volatile components of the template layer.

1 10.  The method of claim 8, wherein the template layer is processed by

2 heating.

10
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formed by a solid-state crystallization process.

1 15.  The method of claim 1, wherein the single crystal semiconductor film is
2 formed by a zone melting recrystallization process.
1 16.  The method of claim 1, further comprising forming a non-crystalline

2 layer over the single crystal semiconductor film, and depositing on the non-
3 crystalline layer a second template layer incorporating an ordered array of nucleation
4  sites, and forming a second single crystal semiconductor film from the ordered array

5 of nucleation sites of the second template layer.

1 17. A method of forming a single crystal semiconductor film on a non-

2 crystalline surface, comprising:

3 depositing on the non-crystalline surface a template layer comprising a

4 Langmuir-Blodgett film incorporating an inorganic species defining an ordered array

5  of nucleation sites;

6 processing the template layer to expose the ordered array of nucleation sites;
7 and
8 forming the single crystal semiconductor film on the non-crystalline surface

9 from the ordered array of nucleation sites.

1 18.  The method of claim 17, wherein the template layer is deposited on the

2 non-crystalline surface by a Langmuir-Blodgett deposition process.

11
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